Background Celiac disease (CD) is under-diagnosed in the United States, and factors related to the performance of endoscopy may be contributory. Aim To identify newly diagnosed patients with CD who had undergone a prior esophagogastroduodenoscopy (EGD) and examine factors contributing to the missed diagnosis. Methods We identified all patients age C18 years whose diagnosis of CD was made by endoscopy with biopsy at our institution (n = 316), and searched the medical record for a prior EGD. We compared those patients with a prior EGD to those with without a prior EGD with regard to age at diagnosis and gender, and enumerated the indications for EGD. Results Of the 316 patients diagnosed by EGD with biopsy at our center, 17 (5 %) had previously undergone EGD. During the prior non-diagnostic EGD, a duodenal biopsy was not performed in 59 % of the patients, and C4 specimens (the recommended number) were submitted in only 29 % of the patients. On the diagnostic EGD, C4 specimens were submitted in 94 %. The mean age of diagnosis of those with missed/incident CD was 53.1 years, slightly older than those diagnosed with CD on their first EGD (46.8 years, p = 0.11). Both groups were predominantly female (missed/incident CD: 65 vs. 66 %, p = 0.94). Conclusions Among 17 CD patients who had previously undergone a non-diagnostic EGD, non-performance of duodenal biopsy during the prior EGD was the dominant feature. Routine performance of duodenal biopsy during EGD for the indications of dyspepsia and reflux may improve CD diagnosis rates.
Introduction
The prevalence of celiac disease (CD) has increased fourfold in recent decades in the United States, but the vast majority of patients with CD remain undiagnosed [1, 2] . Seroprevalence studies have consistently shown that 0.8-0.9 % of the population has CD, but in the United States, the proportions of patients who were undiagnosed were 95 % in Olmsted County [2] , 90 % in Wyoming [3] , 89 % in Maryland [4] , and 83 % among participants in the National Health and Nutrition Examination Survey [5] .
Multiple factors likely contribute to the low CD diagnosis rates in the US. There are several potential steps in the diagnostic process during which patients can be missed, including patient factors, the case finder [6] , or pathology interpretation errors [7] . Issues relating to the performance of esophagogastroduodenoscopy (EGD) and biopsy also appear to play a role. A recent analysis of the Clinical Outcomes Research Initiative National Endoscopy Database found that among patients undergoing EGD for iron deficiency, anemia, diarrhea, or weight loss, only 43 % had a small bowel biopsy during this procedure [8] . These rates increased each year, but even in 2009, the most recent year in that study, only 51 % had a biopsy.
When small bowel biopsy is performed, the number of specimens may not be adequate. Guidelines recommend that four or more specimens be submitted, but in a study of a national pathology database, the most common number of specimens submitted during EGD was two [9] . Only 35 % of patients had four or more specimens submitted, despite a doubling of the diagnostic yield for CD when physicians adhered to these guidelines.
Thus it remains possible that some patients with CD undergo EGD and that after the procedure they remain undiagnosed. We aimed to determine how frequently this occurs, by identifying newly diagnosed CD patients who had undergone a prior EGD. Such patients either had ''missed'' CD or ''incident'' CD. We also aimed to identify factors contributing to a possibly missed diagnosis of CD during EGD.
Methods
We performed a cross-sectional study at the Celiac Disease Center at Columbia University, a referral center that specializes in the diagnosis and management of CD. This cross-sectional study was an analysis of a prospectively maintained database of patients with biopsy-proven CD. In this study, we included only those patients whose diagnosis of CD was made by EGD and biopsy performed at our center. This includes patients who were referred from within our medical center, or patients referred from other institutions for positive serologies or a clinical suspicion of CD. Restricting this analysis to internally diagnosed patients allowed us to maximize our ability to detect, via querying the electronic medical record (which reaches back to January 1, 1990), whether these patients had additional EGDs prior to being diagnosed with CD. The CD patient database consists of patients seen by one physician (PHRG) since 1990, or by other practitioners since the establishment of the Celiac Disease Center in 2001; all patients in the database prior to July 1, 2011, were assessed for prior endoscopy.
The primary outcome of interest was the performance of a prior EGD at our institution before being diagnosed with CD. For these patients, we collected their age, gender, mode of presentation, and clinical indication for the EGD, both the diagnostic and the prior non-diagnostic procedure.
Histopathologic Review
A subset of patients with missed/incident CD had undergone not only EGD but also a duodenal biopsy during that non-diagnostic procedure. These patients were identified and all prior duodenal biopsies were reviewed by a pathologist (GB) with expertise in the diagnosis of CD. This review of prior histology was compared to the initial histologic interpretation.
Statistical Analysis
We calculated the proportion of patients with CD diagnosed at our medical center that had undergone a previous EGD and we compared those with a previous EGD to those CD patients who did not have a previous EGD, with regard to their age, gender, and mode of presentation. For continuous variables, we used the Mann-Whitney test, and for categorical variables we used the Chi-square and Fisher's exact test. All statistical analyses were performed using SAS version 9.2 (Cary, NC, USA). The database used for this analysis was approved by the Institutional Review Board of Columbia University Medical Center.
Results
Of 1,095 patients with biopsy-proven CD, 316 (29 %) had their diagnosis made by EGD with biopsy performed at our medical center. The remaining patients were referred after their diagnostic biopsy. Of these 316 patients diagnosed by EGD with biopsy at our medical center, 17 (5 %) had undergone a previous endoscopy. Ten of those 17 (59 %) had undergone the procedure by the same endoscopist, and seven (41 %) had undergone the procedure by a different endoscopist. Most (13/17, 76 %) had one previous EGD, while four patients had more than one previous EGD, including one patient who had four EGDs prior to the procedure at which CD was diagnosed (see Fig. 1 ).
Characteristics of the patients with missed/incident CD are listed in Table 1 . The mean age at diagnosis of those with missed (or incident) CD was slightly older than the age of diagnosis for the remainder of the CD patients. The nearly two-thirds female predominance was similar in both groups. Those with missed/incident CD were more likely to have diarrhea, and were less likely to be asymptomatic or screen-detected.
The time elapsed between non-diagnostic and diagnostic endoscopy was highly variable. Three patients had a prior endoscopy within 1 year prior to diagnosis. Another ten had an EGD between 1 and 5 years prior to diagnosis, and another four patients had EGDs more remotely than 5 years prior to CD diagnosis. When accounting for multiple prior EGDs, five of the 17 patients had an EGD within 1 year prior to their diagnosis of CD (see Fig. 1 ).
The most common indication for the non-diagnostic endoscopy was dyspepsia or abdominal pain, followed by gastroesophageal reflux disease (Table 2 ). For the diagnostic EGD, diarrhea and work-up of positive CD serologies predominated. Among the four patients who had multiple previous EGDs, dyspepsia was a prominent indication. One patient had gastric lymphoma and was undergoing surveillance, but duodenal biopsies were not done until CD serologies were checked. Esophageal problems such as dysphagia and surveillance of Barrett's esophagus likewise prompted multiple EGDs prior to the development of symptoms suggestive of CD.
Seropositivity rates are shown in Table 2 . The majority (10/17, 59 %) had serologies checked prior to the diagnostic EGD, and the serologies were positive in 60 % (6/10). Of note, the majority of patients 10/17 (59 %) were diagnosed with CD prior to 2001, when anti-gliadin antibodies were the most commonly employed CD antibodies. Only three of the 17 patients (18 %) had serologies checked prior to the non-diagnostic EGD, and two had a positive serology. Of these three patients who had serologies checked prior to the non-diagnostic EGD, all were checked for anti-gliadin antibodies only; of the ten patients who had any serological testing, four (40 %) had exclusively anti-gliadin antibody testing.
The duodenum was noted to have an abnormal endoscopic appearance in 35 % of the non-diagnostic EGDs, and this was higher during the diagnostic EGDs, 53 % ( Table 2) . During the non-diagnostic endoscopy, the most common number of specimens submitted was zero (59 %). Only five of the 17 patients (29 %) had four or more Among the seven patients who had a duodenal biopsy during the non-diagnostic EGD, the original histopathology findings ranged from normal to non-specific duodenal inflammation ( Table 3 ). All of those patients who had a non-diagnostic duodenal biopsy had Marsh 3A, or partial villous atrophy, on subsequent EGD. On retrospective histopathology review of the prior non-diagnostic duodenal biopsies (after the diagnosis of CD was made), biopsies from two of the seven patients exhibited findings consistent with Marsh 3A, while the rest were architecturally normal. Of note, however, two of the five ''normal'' biopsies showed focal increase and clustering of IELs at the villous tips. This pattern can be seen individuals with potential or latent CD, but is often overlooked by non-specialist pathologists. The diagnostic biopsy of those who had no prior duodenal biopsy had a more varied and advanced Marsh class at diagnosis; four out ten had subtotal or total villous atrophy (Marsh 3B-3C).
Discussion
We describe 17 patients whose diagnosis of CD was made after more than one EGD; in four of these patients, two or more EGDs were performed prior to the diagnosis of CD. The demographics of these patients resembled those of other CD patients diagnosed at our institution with regard to their female predominance and mean age of diagnosis. However, they were less likely to be asymptomatic or screen-detected, which is expected, since these are patients who have already sought gastrointestinal care and underwent previous EGD.
Between 83 and 95 % of patients with CD in the United States are undiagnosed [2] [3] [4] [5] . The proportion of undiagnosed patients is higher than European countries such Italy [10] and Finland, where more than half of CD patients are diagnosed [11] . This low rate of diagnosis observed in the United States seems counterintuitive. One might have expected that the reputation in American health care for over-testing and over-diagnosis [12] would lead to more CD diagnoses, since the threshold to test patients might be lower, but these data show that it is possible for CD patients to undergo multiple encounters with healthcare providers, including gastroenterologists, and undergo invasive testing including endoscopy and biopsy, while still eluding a CD diagnosis. Our observations are not unexpected because previous studies of large national databases have shown that patients undergoing EGD with symptoms compatible with CD often do not undergo duodenal biopsy [8] , and that the majority of patients who have a duodenal biopsy do not have the recommended number of specimens submitted [9] .
Most of these patients with missed/incident CD had a clinical indication for dyspepsia or esophageal reflux during their prior EGD. These are the most common indications for EGD [13] , and the question of whether duodenal biopsies should be done routinely in these settings is controversial. While some have advocated routine duodenal biopsies during all EGDs based on the protean manifestations of CD [14] , there are no published guidelines regarding the advisability of this practice. A meta-analysis of ten studies found that histologic evidence of CD is present in 1 % of patients undergoing EGD for dyspepsia [15] , a prevalence similar to that of the general population. A similar uncertainty prevails with regard to the endoscopic evaluation of esophageal reflux. One study of patients with esophageal reflux found no increased prevalence of CD [16] , but esophageal reflux is more common in CD patients than in the general population [17] , and reflux symptoms often improve on a gluten-free diet after CD diagnosis [17] . During endoscopic evaluation of reflux, which typically consists of an assessment for gross or microscopic evidence of esophagitis, one might consider concomitant duodenal biopsy as a rational practice since reflux symptoms can be a manifestation of CD [18] . While a cost-effectiveness analysis for serologic screening for CD in the general population has been performed [19] , to date there are no published cost-effectiveness studies regarding the performance of duodenal biopsy during EGD. Stratifying by serologic status or endoscopic appearance may not be the optimal approach, since many patients with CD have a duodenum with a normal endoscopic appearance [20] and the sensitivity of serologies is imperfect [21] . Most of the patients with missed/incident CD in this study did not have a duodenal biopsy performed. Review of the cases where EGD and duodenal biopsy had been performed prior to the diagnostic EGD suggests that some cases might lack prior diagnostic histopathologic features and hence represent incident CD. However, review of small bowel biopsies by an expert gastrointestinal pathologist familiar with histopathologic manifestations of CD could help in earlier diagnosis of CD in a subset of cases.
Limitations of this study include its setting in a referral center, raising uncertainty regarding the generalizability of our findings. Its retrospective nature was necessary by design, but given the fact that many patients may have undergone non-diagnostic endoscopy elsewhere, we limited this analysis to those patients whose diagnosis was made by biopsy at our center. Nevertheless, it remains possible that other patients in this study may have undergone non-diagnostic EGD outside of this institution; thus the prevalence of missed/incident CD may be significantly higher.
Information regarding serological status was incomplete, since the majority of patients did not have serologies checked prior to the non-diagnostic EGD, and 41 % did not have serological tests prior to the diagnostic biopsy. This is reflective of the variable performance of serologies in clinical practice, which may parallel the variable performance of small intestinal biopsy during endoscopy [8, 22] . Most of these patients were diagnosed with CD prior to the availability of serologies with high sensitivities and specificities. In fact, all three patients who had serologies sent prior to the non-diagnostic EGD only had only anti-gliadin antibodies sent. The studies sent prior to the diagnostic EGD included newer serologies, and the positivity rate is higher, though still not as high as commonly reported [21] , possibly due to the lower sensitivity of serologies in the setting of lesser degrees of villous atrophy [23] . Lack of serological data, while a limitation, may reflect clinical practice where CD may be diagnosed in the context of direct referrals for EGD, such as an ''open access'' system [24] .
Since most patients with a prior endoscopy did not have prior duodenal biopsy, we do not know if these patients had missed CD or developed CD between their two or more EGDs. Additionally, we were not able to quantify the degree of morbidity during the period between non-diagnostic and diagnostic EGDs. It would be important to quantify the consequences of missed CD.
In conclusion, 5 % of patients diagnosed with CD at our institution had undergone a previous EGD; most did not have duodenal biopsies performed during the nondiagnostic EGD. Those who did undergo biopsy had nonspecific findings, with all eventually being diagnosed with Marsh 3A lesions (partial villous atrophy). Dyspepsia and esophageal reflux were prominent symptoms among those undergoing non-diagnostic endoscopy. At present, there are no published guidelines regarding the routine performance of duodenal biopsy during EGD, and data regarding the cost-effectiveness of this practice are lacking. Our study suggests that duodenal biopsies should be performed during endoscopy for dyspepsia and esophageal reflux. Such a practice may significantly increase the low CD diagnosis rates in the United States. Future studies are warranted to measure the impact of missed CD on morbidity among symptomatic patients seeking health care.
